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blends	are	 likely	 to	 impact	on	nutritional	quality	and	consumer	acceptability	of	 the	
soup/porridge.	 Experimental	 samples	 of	 dried	 fermented	 milk‐bulgur	 wheat	 blend	
(FMBW)	and	commercial	samples	of	dried	dairy‐cereal	blends,	namely	kishk,	tarhana,	
and	super	cereal	plus	corn–soy	blend	(SCpCSB)	were	compared	for	composition,	color,	













K E Y W O R D S
composition,	consistency,	dairy‐cereal	blends,	pasting	viscosity,	rheology
1  | INTRODUC TION
Dehydrated	 milk‐cereal	 blends	 including	 super	 cereal	 plus	 (SCP),	
kishk	or	tarhana,	are	typically	reconstituted	and	cooked	to	prepare	
soup	and	porridge,	which	are	an	important	nutrient	source	for	hu-
mans,	 especially	 for	 infants	 and	 young	 children	 (Black,	 Pahulu,	 &	
Dunn,	2009;	Michaelsen	et	al.,	2009;	de	Pee	&	Bloem,	2009).	SCP	
is	a	category	of	fortified	blended	food	(FBF)	supplied	by	the	World	
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Food	Programme	(WFP)	to	improve	the	diet	of	young	children,	aged	
6–59	months,	in	food	insecure	regions.	It	is	prepared	by	dry‐blending	
heat‐treated	cereal	 (wheat,	 corn,	or	 rice),	dehulled	soybean,	 sugar,	
skim	milk	powder,	refined	soybean	oil,	vitamins,	and	minerals	(WFP,	
2015).	 The	 inclusion	 of	 milk	 solids	 in	 SCP	 enhances	 the	 levels	 of	
important	nutrients	such	as	essential	amino	acids,	 linoleic	acid,	fat	
soluble	vitamins,	and	calcium	(Michaelsen	et	al.,	2009;	O'Callaghan,	





Kishk	 is	 typically	 produced	by	 blending	 yoghurt	 and	parboiled	




as	 seasonings,	 vegetables,	 and/or	 lentils	 (Cagindi,	Aksoylu,	 Savlak,	
&	 Kose,	 2016;	 Tamime,	 Barclay,	 Amarowicz,	 &	 McNulty,	 1999).	
Both	kishk	and	tarhana	are	consumed	extensively	in	South	Eastern	
Europe	and	Central	Asia.	The	fermentation	of	the	milk	component,	





Guner,	 &	 Gecgel,	 2014)	 indicate	 significant	 inter‐	 and	 intraproduct	
variation	 in	 composition,	 for	 example,	 starch	 and	 protein	 contents	
varied	from	~420–590	and	140–220	g/kg,	respectively,	 in	kishk	and	
~600–700	 and	 30–150	 g/kg,	 respectively,	 in	 tarhana.	 Despite	 the	
compositional	variation,	tarhana	generally	has	a	higher	starch	content	
and	 lower	 contents	of	protein,	 fat,	 lactic	 acid,	 salt,	 ash,	 and	calcium	
than	kishk.	Such	a	trend	suggests	the	use	of	a	lower	ratio	of	fermented	
milk‐to‐cereal	 in	 tarhana	 (Shevade,	 O'Callaghan,	 O'Brien,	 O'Connor,	
&	Guinee,	2018).	Analysis	of	data	 from	Simsek	et	al.	 (2014)	 showed	
that	the	peak	viscosity	of	reconstituted	tarhana	during	pasting	at	95°C	
and	the	breakdown	viscosity	on	cooling	to	50°C	correlated	positively	
with	 starch	 content.	 Similarly,	 Shevade	 et	 al.	 (2018)	 reported	 that	
starch	 content	 of	 reconstituted	 fermented	 milk‐wheat	 composites	
(65–87	g/kg)	correlated	positively	with	viscosity	during	pasting	(95°C)	












real	 blends,	 including	 tarhana	 and	 kishk,	 is	 determined	 primarily	 by	
composition	(Lee,	Bello‐Pérez,	Lin,	Kim,	&	Hamaker,	2013;	O'Callaghan	
et	al.,	2019)	but	is,	nevertheless,	likely	to	be	influenced	by	texture	and	
viscosity	 (Black	 et	 al.,	 2009;	 Fleige	 et	 al.,	 2010).	 An	 increase	 in	 vis-
cosity	delays	gastric	emptying,	 increases	satiety	and	reduces	hunger	
(Campbell,	Wagoner,	&	 Foegeding,	 2017;	 Zhu,	Hsu,	&	Hollis,	 2013);	




tal	 dehydrated	 fortified	blended	 food	base	product	 (FMBW)	 from	
a	blend	of	fermented	milk	and	wheat	and	with	a	gross	composition	
and	reconstitution	behavior	similar	 to	SCpCSB,	using	 the	 formula-
tion	and	processing	technology	that	has	been	traditionally	applied	
in	the	manufacture	of	kishk	and	tarhana.	To	approach	this	objective,	
available	 commercial	 samples	 of	 SCpCSB,	 kishk	 and	 tarhana	were	
analyzed	 for	 composition	 and	 consistency	 and	 the	 resultant	 data	
were	used	as	a	guide	in	formulation	of	the	FMBW.
2  | MATERIAL S AND METHODS
2.1 | Ingredients
Five	 commercial	 brands	 of	 tarhana	 powder	 and	 three	 of	 kishk	




kg;	 starch,	628	g/kg)	was	obtained	 from	a	 local	 retail	 store	 (Tesco	
Sores	Ltd.).	Buttermilk	powder	 (BMP;	protein,	330	g/kg;	 fat,	70	g/





2016).	 Cream	 (fat,	 351	 g/kg;	 protein,	 20	 g/kg;	 TS,	 408	 g/kg)	 was	
purchased	 from	 a	 local	 retail	 store	 (Aldi	 Stores).	Direct‐vat	 starter	
cultures	CH1	YoFlex® 207 (Streptococcus thermophilus)	 and	YC380	
(Lactobacillus delbrueckii	subsp.	bulgaricus)	were	obtained	from	Chr.	
Hansen	Ireland	Ltd.
2.2 | Production of experimental fermented milk‐
bulgur wheat blends (FMBW)
Fermented	 milk‐bulgur	 wheat	 blends	 were	 prepared,	 as	 de-
scribed	 in	 detail	 by	 Shevade	 et	 al.	 (2018).	 Briefly,	 recombined	
milk	 (168	 g/kg	 total	 solids)	was	 formulated	 from	a	 blend	of	 re-
constituted	 SMP	 (89	 g/kg),	 BMP	 (70	 g/kg),	 and	 cream	 (45	 g/
kg),	 heat‐treated	at	95°C	 for	2.5	min,	 homogenized	at	 first	 and	
second‐stage	 pressures	 of	 15	 and	 5	MPa,	 respectively,	 cooled	
to	43°C	 (UHT/HTSTLab‐25	EHVH,	MicroThermics®),	 inoculated	
with	direct‐vat	 starter	 cultures,	 incubated	at	42°C	until	 the	pH	
dropped	 to	 4.6,	 cooled	 to	 15°C,	 and	 stored	 at	 4°C	 overnight.	
Fermented	milk	(FM)	and	bulgur	wheat	(1	mm	particle	size)	were	
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blended	at	a	weight	ratio	of	80:20	for	5	min	(Kenwood	blender,	
Model	 KMM710	 fitted	 K‐beater;	 Kenwood	 Ltd.),	 incubated	 at	
35°C	 for	24	hr	 (Heratherm	 incubator,	 Thermo	Fisher	 Scientific)	
to	form	a	dough	which	was	manually	rolled	into	thin	layers	(0.5–
1.0	cm)	and	dried	for	48	hr	at	46°C	(Excalibur®	Dehydrator)	to	a	












et	 al.	 (2019)	 for	 protein	 by	 Kjeldahl,	 fat	 by	 Rose‐Gottlieb,	 NaCl	
by	potentiometric	 determination	of	 chlorine,	moisture	by	drying	
to	 constant	 weight	 at	 102°C,	 ash	 by	 heating	 at	 550°C	 for	 5	 hr,	
calcium,	 iron,	 zinc,	 and	 magnesium	 by	 atomic	 absorption	 spec-
trophotometry	 (Varian,	 SpectrAA‐600).	 Starch,	 total	 dietary	
fiber,	 lactose,	 and	 lactic	 acid	were	 determined	using	 the	 follow-
ing	 Megazyme	 K‐TSHK	 09/15,	 KTDFR	 12/15,	 K‐LACGAR,	 and	







measured	 on	 powdered	 samples	 using	 a	 CR‐400	Chroma	Meter	
(Konica	 Minolta),	 which	 had	 been	 calibrated	 using	 the	 Minolta	
calibration	 plate.	 The	 L*	 value	 is	 indicative	 of	 lightness,	 varying	
from	0	(black)	to	100	(white),	whereas	a*- and b*‐	values	represent	
the	variation	 in	color	from	green	 (–	values)	to	red	 (+	values),	and	
of	 blue	 (–	 values)	 to	 yellow	 (+	 values),	 respectively.	A	 sample	 of	
powder	(~20	g)	was	uniformly	distributed	in	a	Petri	dish,	and	color	
measurements	were	made	at	 three	different	 locations	 along	 the	
sample	surface.
2.3.3 | Water sorption
Water	 sorption	 and	 desorption	 behavior,	 as	 a	 function	 of	 relative	
humidity	(RH)	in	the	range	5%–85%,	were	measured	gravimetrically	
using	an	SPS11	automatic	multi‐sample	moisture	sorption	analyzer	
(Project‐e	 Messtechnik,	 Enderlegasse),	 as	 described	 previously	





2.4 | Analysis of reconstituted experimental and 
commercial dairy‐cereal powders
2.4.1 | Water holding capacity (WHC)
Powders	 (133	 g/kg)	 were	 reconstituted	 in	 distilled	 water,	 cooked	
(heated	 to	 95°C	over	 10	min,	 held	 at	 95°C	 for	 25	min),	 cooled	 to	
21°C	while	stirring	at	120	rpm,	and	centrifuged	(Sorvall	Lynx	6000	
Superspeed	 centrifuge	 [ThermoElectron	 LED	GmbH])	 at	 12,500	 g 




Gelatinization	 characteristics	were	 analyzed	 in	 triplicate	 using	dif-
ferential	 scanning	 calorimetry	 (DSC	 2000,	 TA	 instruments)	 as	 de-
scribed	by	Shevade	et	al.	(2018).	Triplicate	samples	of	each	powder	
were	reconstituted	in	distilled	water	in	a	quantity	sufficient	to	obtain	
























a	 Bostwick	 Consistometer	 (CR	 Instruments	 Limited),	 which	 was	






(11	 g)	 of	 the	 cooled	 product	 as	 described	 previously	 (Shevade	 et	
al.,	2018).	The	sample	was	placed	in	the	measuring	cell	of	a	rheom-
eter	 (Carri‐Med,	 type	 CSL2500,	 TA	 instruments),	 consisting	 of	 an	
outer	cup	 (diameter	27.5	mm)	and	an	 inner	bob	 (diameter	25	mm).	
Following	 equilibration	 at	 60°C	 for	 5	 min,	 the	 sample	 was	 sub-
jected to shear rate (?̇?)	sweep,	from	18	to	120	s−1 over 20 min. The 
changes	in	shear	stress	(σ;	Pa)	and	viscosity	(η;	Pa.s)	were	recorded.	
















3  | RESULTS AND DISCUSSION



















































enoids β‐carotene,	 capsanthin,	 lutein,	 and	 zeaxanthin	 (O'Callaghan	
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desorption	 and	 adsorption	 curves	with	 respect	 to	 RH,	 suggest-
ing	that	any	changes	in	particle	structure	during	desorption	(e.g.,	
as	 a	 result	 of	 protein–protein	 or	 protein–mineral	 interactions,	




Item FMBW Tarhana Kishk SCpCSB
Powder	composition
Dry	matter	(g/kg) 930a ± 6 891b ± 27 907ab ± 3 954
Protein	(g/kg) 196a	±	5 100c ± 13 156b ± 39 164
Fat	(g/kg) 59ab ± 2 40b ± 10 91a ± 62 104
Starch	(g/kg) 384b ± 11 624a	±	35 467b ± 101 372
Lactose	(g/kg) 70a ± 1 9b	±	5.2 13b ± 18 34
Ash	(g/kg) 43b ± 6.0 29c	±	15 55a ± 11 39
Salt	(g/kg) 7.6c	±	0.4 21.8b	±	16.5 42.1a ± 13.8 3.3
Lactic	acid	(g/kg) 48.8a ± 1.8 8.6c	±	5.2 22.9b	±	4.2 0.1
Calcium	(mg/kg) 2,968a	±	148 328c ± 139 1,712b ± 608 4,628
Iron	(mg/kg) 8.9c ± 0.1 29.0b ± 6.8 49.6a ± 23.0 128.0
Zinc	(mg/kg) 20b ± 0 12c ± 2 28a	±	5 82
Magnesium	(mg/kg) 668b	±	14 451c ± 76 919a	±	145 1,117
pH 3.9b ± 0.0 4.6a ± 0.8 4.0b ± 0.2 6.7
Color	space	co‐ordinates† 
L* 90.5a	±	0.5 63.5b	±	4.0 67.4b	±	4.3 80.5
a* −1.2b ± 0.1 5.4a	±	5.6 0.01ab ± 0.9 −0.7
b* 25.8a ± 0.6 23.7ab ± 7.7 15.8b	±	4.9 37.2
Water	sorption† 	(water	g/kg	Dry	matter)
85%	RH 314a ± 7 272a	±	54 311a ± 37 216
5%	RH 40a ± 1 50.5a ± 16 37a	±	5 26
Water	activity,	aw 0.42






















for	kishk;	error	bars	represent	SD of the 
mean.	Data	for	1	sample	of	SCpCSB	are	
included	as	an	observation
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85%	RH	and	5%	RH	did	not	significantly	differ.	Shevade	et	al.	(2018)	
found	 that	 the	equilibrium	MDM	of	experimental	 fermented	milk‐
wheat	powder	blends	at	85%	RH	and	5%	RH	increased	significantly	
with	 incremental	 increase	 in	 sugar	 content	 (lactose	and	galactose)	
from	~85	to	150	g/kg	and	simultaneous	reduction	in	starch	content	
from	 520	 to	 390	 g/kg	 as	 the	 ratio	 of	 fermented	milk‐to‐cereal	 in	








notably	 lower	 than	 those	 of	 the	 other	 powders.	 This	 may	 reflect	
differences	in	composition,	type	of	cereal	used	in	formulation	(e.g.,	
wheat	 vs.	maize),	 and	 characteristics	 of	 starch	 granules	 (presence	
of	 amylose‐lipid	 complexes,	 size/shape),	 porosity,	 and	 processing	
conditions	 (e.g.,	parboiling,	shearing;	Al‐Muhtaseb	et	al.,	2002;	Al‐
Muhtaseb,	McMinn,	&	Magee,	2004).	A	contributory	factor	for	the	




3.2 | Properties of reconstituted experimental and 
commercially available dairy‐cereal powders
3.2.1 | Gelatinization temperature
Gelatinization	of	native	starch	is	an	endothermic	process,	whereby	
heating	 results	 in	 the	 heat‐induced	 disruption	 of	 hydrogen	 bonds	
Item FMBW Tarhana Kishk SCpCSB
Gelatinization† 
To	(°C) – 58	±	4 – –
Tp	(°C) – 66 ± 3 – –
Te	(°C) – 75	±	2 – –
Water	holding	capacity	(pellet,	g/kg)
45	min 509b ± 10 999a ± 2 565b ± 162 602
Pasting/cooling	viscosity† 
V95	(Pas) 0.04
b ± 0.02 2.90a ± 0.99 0.17b ± 0.11 0.11
Vp	(Pas) – 2.99
a ± 0.87 – 0.13
Vh	(Pas) 0.08
b ± 0.03 1.37a ± 0.37 0.22b ± 0.21 0.09
Vc	(Pas) 0.26
b ± 0.08 2.95a ± 1.37 0.61b	±	0.53 0.34
BRV	(Pas) – 1.61 ± 0.72 – 0.04
SBV	(Pas) 0.18b	±	0.05 1.58a	±	1.44 0.39ab ± 0.32 0.25
Pasting	time	
(min)
– 10.98 ± 0.16 – 9.60
Rheology† 
σ0	(Pa) 2.27
b ± 1.11 61.2a	±	14.00 6.49b ± 6.98 1.52
K	(Pa.sn) 0.79b ± 0.90 26.75a	±	7.56 2.96b	±	2.59 0.21
n	(−) 0.64a	±	0.05 0.68a	±	0.34 0.63a ± 0.33 0.80
η at 120 s−1	(Pas) 0.07b ± 0.06 1.15a	±	0.59 0.21b ± 0.17 0.08
Flowability	
(mm/30sec)
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(otherwise	maintaining	the	crystalline	regions	of	the	starch	granule	














by	 heating/parboiling	 of	 the	 cereal	 component	 prior	 to	 formulation	
(Tamime,	Muir,	 Khaskheli,	 &	 Barclay,	 2000).	 Sittipod	 and	 Shi	 (2016)	










Significant	 differences	were	 observed	 for	WHC	after	 cooking,	
with	 the	 mean	 value	 for	 tarhana	 being	 significantly	 higher	 than	






in	 the	 storage	 modulus,	 G′,	 of	 wheat,	 maize,	 and	 potato	 starch	









Starch Protein Fat Lactose Lactic acid Salt
Water	holding	capacity	(pellet,	g/kg)
At	45	min 0.91***  −0.94***  −0.77***  −0.51 −0.57***  −0.11
Pasting/cooling	viscosity† 
V95	(Pas) 0.84***  −0.76***  −0.51**  −0.43*  −0.51**  −0.26
Vp	(Pas) 0.84***  −0.77***  −0.52**  −0.43*  −0.53**  −0.26
Vh	(Pas) 0.85***  −0.83***  −0.61***  −0.52*  −0.49*  −0.04
Vc	(Pas) 0.77***  −0.64***  −0.49**  −0.19 −0.56*  −0.26
BRV	(Pas) 0.75***  −0.64**  −0.40*  −0.35 −0.50**  −0.10
SBV	(Pas) 0.53*  −0.37 −0.29 −0.16 −0.45**  −0.34
Rheology† 
σ0	(Pa) 0.84***  −0.76***  −0.61***  −0.43 −0.58**  −0.02
K	(Pa.sn) 0.83***  −0.79***  −0.56*  −0.37 −0.74***  −0.18
n	(−) 0.51*  −0.62**  −0.62***  −0.18 −0.34 −0.02
η at 120 s−1 
(Pas)
0.79***  −0.62**  −0.47**  −0.35 −0.53*  0.03
Flowability	
(mm/30	s)










***p < .001; **p < .01; *p	<	.05:	Significance	levels.	
TA B L E  3  Correlations	between	
powder	composition	and	characteristics	
of	the	reconstituted	powder
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However,	 the	WHC	 is	 also	 likely	 to	 be	 influenced	 by	 compo-
sitional	 factors,	 other	 than	 starch	 content,	 such	 as	 starch	 granule	
dimensions,	 relative	 proportions	 of	 amylose‐to‐amylopectin,	 and	
the	 presence	 of	 other	 components	 including	 proteins,	 lipids,	 salt,	
and	 acids,	 and	 their	 interactive	 effects	 (Kett	 et	 al.,	 2013;	 Kumar,	
Brennan,	Zheng,	&	Brennan,	2018;	Singh	et	al.,	2003).
3.2.3 | Pasting behavior




breakdown‐,	 and	 setback‐	 viscosity	 (Figure	 2a).	 The	 viscosity	 in-
creased	steeply	to	Vp	on	heating,	decreased	to	Vh	on	holding	at	95°C,	
and increased to Vc	on	cooling	to	30°C.	The	SCpCSB	showed	a	simi-
lar	pattern,	though	the	viscosity	was	significantly	 lower	at	all	stages	







Li,	Copeland,	Niu,	&	Wang,	2015;	Wani	 et	 al.,	 2012).	 In	 contrast	 to	
tarhana,	the	viscosity	of	the	reconstituted	FMBW	and	kishk	remained	




formulation	 of	 FMBW	and	 kishk,	 for	 example,	 95°C	 for	 60–70	min	
(Majzoobi	&	Beparva,	2014;	Shevade	et	al.,	2018).	This	 is	supported	
























ment,	 differences	 in	 composition	 (e.g.,	 concentrations	 of	 protein,	
fat,	 lactose,	 and	 lactic	 acid),	which	 affect	 factors	 such	as	 available	
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Tarhana	 had	 relatively	 high	 and	 low	 contents	 of	 starch	 and	 lactic	
acid,	respectively,	and	it	is	likely	that	these	may	in	part	have	contrib-






to	 increase	 starch	 hydrolysis	 and	 reduce	 granule	 integrity,	 pasting	
temperature,	and	viscosity	to	an	extent	depending	on	the	degree	of	
acidification	(Ghasemi	et	al.,	2008;	Ohishi,	Kasai,	Shimada,	&	Hatae,	





Setback	 during	 cooling	 is	 indicative	 of	 retrogradation,	 in	 re-




hence	 its	 higher	 expected	 amylose	 level.	However,	 as	 for	V95 and 
Vh,	 retrogradation	of	 starch‐based	 suspensions	 is	 also	 affected	by	
compositional	factors	other	than	starch	content	(Wang	et	al.,	2015).










subjected	to	shear	rate	sweep	from	18	to	120	s−1. The shear rate versus 
shear	stress	data	for	each	powder	fitted	to	the	Herschel–Bulkley	model	
(R	>	 .99).	All	products	displayed	a	yield	stress	 (σ0)	and	shear	 thinned	
(Figure	 3),	 suggesting	 shear‐induced	 degradation	 of	 an	 internal	 net-
work,	most	likely	comprised	of	starch	and	protein	(Shevade	et	al.,	2019).
The	reconstituted	tarhana	had	significantly	higher	mean	values	
of	yield	stress	 (σ0),	K and 휂120s−1	 than	FMBW	or	kishk,	which	were	
similar	 (Figure	3a).	Otherwise,	 all	 powders	had	 similar	 values	of	n,	
indicating	a	similar	rate	of	shear	thinning	for	all	samples.	The	higher	
viscosity of tarhana over the entire shear rate is consistent with 
its	higher	WHC	and	pasting	viscosity,	and	lower	flowability.	Linear	
regression	analysis	of	 the	entire	data	set	showed	that	most	of	 the	
rheological	 parameters	 correlated	 positively	 with	 starch	 content	






in dairy desert coincided with increases in σ0 and K.
While	 SCpCSB	 had	 numerically	 lower	 values	 of	 σ0 and K and 




prepared	 by	 blending	 fermented	milk	 (168	 g/kg	 total	 solids)	 with	
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parboiled	 dehulled	wheat	 (906	 g/kg	 total	 solids)	 at	 a	weight	 ratio	




with	 SCpCSB,	 FMBW	had	 numerically	 higher	 contents	 of	 protein,	
lactose,	lactic	acid,	and	salt,	lower	levels	of	fat,	Ca,	Mg,	Fe,	and	Zn,	






to	FMBW	and	SCpCSB	 than	 to	 tarhana	 for	most	of	 the	measured	
parameters.	The	results	highlight	the	importance	of	formulation	on	
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